Based on the well-known simulation software VPI TransmissionMaker, a comprehensive training program for senior undergraduates majoring in optical communication and optical network technology was developed by the author after detailed study of the teaching difficult and key points in the discipline. Aiming at solving practical scientific and engineering problems, the program helped our students to develop the ability of acquiring and applying knowledge by designing optical devices, optical signal processing algorithms and optical fiber communication systems. Furthermore, innovation is inspired by introducing competition mechanism among project teams. The program was validated through four years of use and achieved good results.
Communication and written skills to give oral presentations and write research reports.
Teamwork skills to lead a team or collaborate with other team members. To realize the above objectives the training program is carried out in four phases as shown in Fig.2 . In the first phase the project team is required to find and analyze the most important literatures and cutting-edge product data sheets, so that they can learn how to correctly identify the requirements and main problem. In some cases the students are not perceptive enough and have sufficient background knowledge to identify the problem, so the facilitator should keep interacting with them and be a part of the feedback loop that helps them remain in the correct direction. Once the problem is confirmed, a thorough research is expected to find the possible solutions. The students are encouraged to compare the different solutions proposed before and point out the pros and cons of them. The facilitator will then guide them to find their own best solution by organizing a brain-storming and discussion session. In the end the project team is expected to deliver a literature review and project proposal describing the problems and solutions. In this phase the analytical and critical thinking skills are cultivated and some creative ideas may also be generated.
In the second phase, the students are required to develop a quantitative analysis method based on VPI TransmissonMaker to verify and improve their solutions. This software has a graphic user interface and simulation modules for devices and measuring apparatus commonly used in the field of optical communication. Novel or customized devices can also be created by co-simulation with Matlab or other languages. The ease of use can help the students to develop a simulation model more quickly. The model and parameters are checked by the facilitator to guarantee that the results are reliable.
In the third phase the students are expected to analyze the performance of their solutions according to the practical requirements identified in the first phase. In this phase the students can learn how to obtain and analyze technical data and how to draw instructive graph and table to demonstrate the test results. They can also find the limitations and shortages of their solutions. With the help of the facilitator they are expected to modify the original scheme and obtain better results.
In the fourth phase the students are required to give an oral presentation and write a research paper to elaborate their findings and solutions. They are evaluated by their performance in the presentation and the quality of their paper. The evaluation also put sufficient weighing on their performance through the whole process. With the above four phases the objectives of the problem based training program can be realized effectively.
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EXAMPLES OF THE TRAINING PROGRAM
As shown in Fig.3 , the problems set for the students can be classified into three classes: 1) optical transmission systems, like the long-haul and access networks; 2) optoelectronic devices, like optical amplifiers, optical transceivers, all-optical optical wavelength converters and switches; 3) algorithms, like the chromatic and polarization model dispersion compensation algorithms used in digital coherent optical receivers. For example, one problem is to design an unrepeated optical transmission system and find the underlying mechanisms limiting the transmission distance. This problem involves the consideration of fiber loss, chromatic dispersion and nonlinearity. To deal with these problems, students are required to probe deeper into the knowledges they have learned to find the appropriate techniques. For example by designing an ultra-low pure silica core loss large effective area optical fiber, the loss and nonlinearity can be reduced. By utilizing remotely pumped EDFA or distributed Raman amplifier the loss can be compensated. By using binary phase shift keying (BPSK) modulation and coherent detection the sensitivity can improved. By employing nonlinear compensation techniques such as digital backward propagation, mid-link optical phase conjugation (OPC) the nonlinear distortions can be mitigated. By solving the problem, the knowledges they learn in different courses are no more isolate but appear in relationship and the knowledges are integrated in system approach.
CONCLUSIONS
In this paper we present a problem-based training program utilizing professional VPI software for senior undergraduates majoring in optical communication. The training objectives, implementation process and setting of the problems are introduced. From the four years of practice, the approach is effective in developing the important skills expected for a researcher or engineer in the field. More elaborately selected problems can be developed with the same approach to keep up with the newest development in the field.
